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calorimeter become shorter as they near the outer edge, and start at a progressive
run all along the 2 meters of the calorimeter, whereas the ones in the sloping part of the
All fibres run parallel to each other in the beam direction. Therefore some of them
length of 200 cm (Fig. Ia).
pyramid, with a front face of 4.0 >< 3.85 cmz, a back face of 10.3 >< 9.8 cmz, and a
range An >< A¢ = 0.03 >< 0.03. Each module has the shape of one quarter of a truncated
section of a projective calorimeter with intemal radius 130 cm, covering an angular
(six) neighbouring ones. A total of 19 modules were built, each corresponding to a
SCSFSI and Bicron B) arranged in such a way that each fibre is equidistant from the
4:1 required for compensation. The fibres are 1 mm diameter blue fibres (Kuraray
The basic structure of the calorimeter is lead-scintillatin g fibres in the volume ratio
2.1 Geometry and Read—out Segmentation
2. THE PROJECTIVE MODULE CALORIMETER
Simulation.
devices, Radiation Hardness, Electron identification with the preshower detector and
and the plans for the following five topics: Calibration and Monitoring, Light read-out
longitudinally segmented, calorimeter sector to be tested in 1992 and the ongoing work
are given in sections 2 and 3. In section 4, we present our plans to build a projective,
results of those measurements have been presented at the Capri Conference [2,3]. They
were tested using a total of 11 days of beam time in August and September. Preliminary
Both the integrated projective modules and the single electromagnetic module
yet good, hadronic performance.
physics requirements for the best electron detector performance and of a less expensive,
In our opinion the em-had segmentation is a mandatory step to match the LHC
which is now the main objective of our 1992 program.
longitudinal electromagnetic-hadronic (em-had) segmentation of the fibre calorimeter,
electron measurements. Such a step was part of the RDI evolution towards a
separate electromagnetic module with the aim of getting a better performance for
construction of the longitudinally unsegmented projective modules, we have also built a
The experimental program has -become richer. While pursuing the industrial
increase in the participation of several institutions.
addition of two French groups (Clermont-Ferrand and Marseille) and by a sizeable
collaboration. On the other hand, the collaboration has been strengthened by the
program which involves completing the work with the old modules of the Spacal
LAA group decided that it would not take part in RDI and kept with it the part of the
emphasis. At the inception RDI was a collaboration of 11 groups. In January 1991, the
have been evolutions both in the composition of the collaboration and in the program
The RDI proposal [1] was approved on September 20th, 1990. Since then there
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whistle shape of the machined faces (see Fig. lb), which results in extra lead material
to the change of geometry at the border between the two modules caused both by the
the impact point is precisely known. The drop is not due to a physical crack, but rather
4). A preliminary attempt indicates that it is possible to correct for such an effect once
response of the order of 10% were observed at the interface between two modules (Fig.
of a cell in steps of 1.5 cm performed with 20, 40 and 80 GeV electrons. Drops in
The uniformity of response was studied with a position scan covering the surface
E x/ra . (E in GeV)
o(E) 14.6% ———— = ; +1.67 °
parametrized as:
was 8 mm in diameter. The energy dependence of the resolution (Fig. 3) is well
respect ot the fibre axis in order to avoid channelling effects. The size of the beam spot
GeV energy hitting the centre of the calorimeter with an incidence angle of 3° with
The energy resolution of the prototype was studied with electrons of 10 to 150
2.3.1 Energy Resolution and UnU’ormizy
2.3 Preliminary Analysis Results
seven modules which form the centre of the calorimeter.
5% of the holes unusable for fibre insertion. The percentage goes down to 1.3% for the
workshop work to clean partially obstructed holes, have in the EM section on average
above described geometry. The modules built with this procedure, after some
blocks are then machined in order to obtain from each block two modules with the
10 >< 14 cmz cross-section, and soldered by heating at 245° C for 12-14 hours. The
electrolitically on the strips, which are then piled to obtain parallelepiped blocks with
grooved lead plates cut at a length of 230 cm. A 5 ttm tin layer is deposited
building procedure with industry involvement. The basic components are extruded
The way in which the modules were constructed was a first attempt at a mass
2.2 Construction
the geometry of a central module with 2 surrounding rings (see Fig. 2).
The 19 projective modules are arranged in a staggered layout, which approaches
machined.
by aluminium sputtering. The remaining fibres of the HAD sector have their front face
fibres which start at a depth of less than 1 m have a mirror on the front face, deposited
sector) and 2" XP2282 phototubes (HAD sector). All the EM fibres and also the HAD
separate tapered light guides which are read out with 1" XP296l phototubes (EM
are named hadronic 'HAD' sector. The two groups of fibres are connected to two
1947 fibres , which start at more than 20 cm from the front face (27 radiation lengths)
fibres) are grouped together and are named electromagnetic 'EM' sector. The remaining
two rows of shorter fibres, which start within 14 cm from the front face, (a total of 399
All the fibres running up to the front face of the modules, together with the first
to obtain a kind of longitudinal segmentation in the read-out (Fig. lb).
distance form the front face with a pitch of 7 cm. This property was exploited in order
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The signal S and the resolution are written as:
attenuation filters in front of the PM (Philips XP2961, green extended photocathode).
the energy resolution. Special electron runs were taken at 10 GeV with neutral
The number of photoelectrons per GeV determines the statistical contribution to
2.3.4 Photostatistics
of the same order of magnitude at the various energies.
the read-out segtnentation was also studied as a function of the energy, yielding results
kept, whereas only 0.3% of the pions pass the cut. The electron-pion separation using
value of the variable defined above to be smaller than 0.01, 96% of the electrons are
distribution of this variable for electrons and pions is shown in Fig. 6. Requiring the
and the energy deposited in the EM section, both summed over 19 cells. The
The variable used was the ratio between the energy deposited in the HAD section
A A than 6.7 mip.
in the preshower counter, whereas electrons were defined by requiring a signal larger
Pions were required to give a signal smaller than 1.5 minimum ionising particles (mip)
preshower counter made of 1.7 Xg of lead followed by a scintillator slab was used.
pion beams hitting the boundary between two cells. To improve the beam purity, a
electrons and pions. In a preliminary way this was studied with 80 GeV electron and
The read-out segmentation can be directly exploited to discriminate between
2.3.3 Electron-Pion Separation
is found.
. <EmG¤V>¤<Ym> = gi9 "`
resolution, a dependence of the form:
cell centre with electrons from 20 to 150 GeV. After unfolding the beam chambers
1.1 mm at cell centre. The energy dependence of the position resolution was studied at
to depend on the impact point in the cell and ranges from 0.6 mm at the cell boundary to
a cell of 0.88 mm for 80 GeV electrons (Fig. 5a). Such a resolution has been measured
After applying this correction we obtain a resolution averaged over the surface of
Ycm = 14.7 arctan(0.45 Ycalo)
of the electron energy deposition (Y Cayo) can be parametrized as:
similar), the relationship between the true impact point (in mm) and the center of gravity
electrons in the vertical (Y) coordinate (the results for the horizontal coordinate are
The position resolution was studied using the position scan data. For 80 GeV
2 .3 .2 Position Resolution
minimize such effects.
Care will be taken in the construction of the 1992 projective calorimeter sector to
compared to scintillator and to a different orientation of the fibres in the two modules.
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were produced by Kuraray. Each fibre is equipped on the front face with a mirror
The 500 um fibres made of polystyrene doped with 3HF+PTP (yellow light)
together without any glue or solder.
grooves were machined for the fibres. After inserting the fibres, the plates are stacked
with 2% antimony) structure is made out of 1 mm thick plates in which U-shaped
500 um in diameter imbedded in lead with a ratio 1/4 in volume. The lead (stiffened
The module has an area of 8 >< 8 cm2 and a length of 30 cm. It is made of fibres
3.1 Construction and Read-out
3. THE 500 pm ELECTROMAGNETIC MODULE
and a finer cathode strip read-out in the near future.
showers starting deep in the calorimeter is measured. We plan to instrument the wires
neutrons produced in hadronic showers are identified and that the leakage from
The measurements with the backing calorimeter show that both the muons and
and to the high gas amplification.
actual integration time 60 ns) is mainly due to the short cathode-anode gap of 1.5 mm
instrumented with 49 pads of 10 >< 10 cm! each. The fast signal speed (7 ns rise time,
sandwich of fast wire chambers and iron plates (10 cm thick). Each chamber was
with the projective module prototype in the September run. It consists of an 8-layer
The backing calorimeter, which was built at the Weizmann institute, was tested
2.4 The Backing Calorimeter
e/E ~ 4.5%/x/E.
statistical contribution to the resolution is:
metres distance, with a wratten #3 Kodak filter and a green extended photocathode, the
Therefore, with a sampling ratio 1/4, and 1 mm diameter blue SCSF81 fibres, at 2
Npc = 471 5; 23 photoelectrons per GeV.
filter. The result of the fit shown in Fig. 7 gives:
The measurements were done with 3 different attenuation filters and also without
Therefore F and ¤(E,F) are measured simultaneously.
is a constant describing the energy dependence.
the filter attenuation factor,
thc constant tcrm in thc cncrgy resolution,
thc number of photoclcctrcms without attenuation,whcrc NPC =
E NPG
——<-¤ - B) - +
S(E,F) = $(E,1)/F
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for 1 mm fibres.
collection will be made and new types of clamps will be tested, which will also be used
correspond to fibres at the periphery of the bundle. New measurements of the light
with 500 ttm fibres than with 1 mm fibres and the regions with lower pulseheight
effects in the light collection. The clamping of the fibre bundles is indeed more delicate
no mechanical discontinuity in the module itself, that drop is probably due to systematic
The scatter plot of Fig. 10 indicates a central dip of cruciform shape. As there is
GRMS of 2.17%.
central 4 >< 4 cm2 area was used for the charge distribution of Fig. 11, which has a
the largest square area to 172 pC. Due to the side leakage, only the information in the
shown in Fig. 10, where the minimum response, a point, corresponds to 140 pC, and
information obtained by using the beam chambers. The scatter plot of the response is
The events were binned into 2 >< 2 mm2 boxes according to the impact point
A scan was done with 40 GeV electrons to test the uniformity of the response.
3.2.2 Unybrmity
3° the resolution becomes worse due to the limited size of the module.
electrons (Fig. 9) and shows clearly the channelling effect. For angles larger than about
The angular dependence of the energy resolution was measured with 40 GeV
fibre fluctuations, ; VQ)?
contributions, the channelling effect, proportional to ¢ at a given angle, and the fibre-to
sampling frequency and scales as VQ). For the constant term, there are two main
G/E = 12.9%/VE + 1.2% at 0 = 3° [4]. The scaling term has improved due to the higher
fibre diameter qa, in the cp = 1 mm non-projective geometry, which gave
factors with respect to the results obtained with the same sampling fraction, but a larger
Both the scaling term and the constant term have improved by the expected
+ 0.67% : 0.04% (Ein ow)Q- x/E9.3*7 i 0.37 °°
horizontal plane. The results, shown in Fig. 8 give:
centre of the module and making an angle 6 = 2° with the fibre orientation in the
Measurements were done at five energies with a beam of electrons aimed at the
3.2.1 Energy Resolution
3.2 Preliminary Results
lead is 12 cm.
green extended photocathode). The length of the scintillating fibre bundles outside the
apex) to mix and to transmit the light from individual fibres to a PM (Philips XP296l,
to apex), diamond machined and coupled to an hexagonal light guide (26.4 mm apex to
The extremity of each bundle is clamped in an hexagonal shaped piece (21.5 mm apex
4 >< 4 cm2, which would correspond to An >< A0 = 0.03 >< 0.03 at a radius of 1.3 m.
bunched into 4 separate bundles of 1368 fibres each to get a read—out cell granularity of
deposited by aluminium sputtering. At the back face of the module, the fibres are
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than at 182°, however such a trend is expected due to the attenuation length of the
to showering pions. The average value of the deposited charge is about 6% larger at 2°
interacting pions by a cut at 35 pC (9 GeV equivalent). There is no dramatic effect due
deposited for the two configurations are shown on Fig. 15, after removal of the non
where the showering effect would not be present. The distributions of the charge
GeV pions in the cm calorimeter at 2° and, after 21: rotation of the module, at 182°
pions), which might result in severe problems. Tests were performed by shooting 150
particles produced by hadron interactions in the calorimeter (1 interaction length for
scintillating fibres outside the electromagnetic calorimeter are exposed to the shower of
A consequence of the em-had longitudinal segmentation isthat the bundles of
3.2.6 Pion Showering Eject
to be 500 i 25.
method described in section 2.3.4. The number of photoelectrons per GeV was found
The light yield was measured with neutral filters of different attenuation using the __
3.2.5 Light Yield Measurement
The beam chamber resolution of E 300 um was not unfolded.
_Gxy =j£·+ 0.45 mm.2.2 ]£
calorimeter (best case). They can be described by
The GRMS of the x,y resolutions, cx,). , are shown on Fig. 14 for the centre of the
where A = x or y.
l=l 4
with ot = 0.3;
FI ’
Z A- EQ!
obtained from the energy depositions by
as determined from the beam chamber information with the shower centre of gravity
The x,y position resolutions were measured by comparing the impact coordinates
3 .2.4 Position Resolution
fibres with smaller diameter and shorter length.
fibres was measured (Fig. 13). A shorter attenuation length was indeed expected for the
impinging perpendicular to the module axis, a light attenuation length of 150 cm in the
between 10 GeV and 150 GeV. Using an electron beam of 40 GeV, which was
shower maximum towards the extremity of the fibre bundle, expected to be 2 cm
stronger by about 3% at high energy is partly explained by the displacement of the
electron energy is shown in Fig. 12. The general trend of the response becoming
The departure from linearity of the calorimeter response as a function of the
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data, both with ¢ = 1 mm fibres.
simple interpolation in sampling fraction between the Jetset and the Spacal
Note that the conclusion on the size of the scaling term is achieved by a
constant temi has two contributions :
the 500 um calorimeter, with the advantage that it is easier to construct`“ . The
proposed calorimeter should give the same scaling term for the energy resolution as
indication of the difficulty of construction and of the cost of the calorimeter. The
correspond to the number of fibres per dmz. The density of fibres gives an
data are in excellent agreement with the scaling law. The dashed straight lines
The resolution measured by Spacal, RDI and Jetset are shown on the Fig. 16. The
the fact that the sampling frequency is inversely proportional to the fibre diameter.
the sampling fraction is well known. Scaling with the fibre diameter correspond to
of the ratio between the fibre diameter and the sampling fraction. The scaling with
from Fig. 16. The electron energy resolution is expected to scale as the square-root
lead sampling fraction 1:1.8. The justifications for such a choice may be understood
will also be made of extruded lead with G = 1 mm scintillating fibre and a fibre
The electromagnetic calorimeter
80 read-out cells.
such as to contain the hadronic shower : An x Ao ~ 0.2 >< 0.2. It will contain about
1 mm fibre. The calorimeter will be projective, at least in ¢, and its size will be
diameter, G = 2-3 mm. That makes the construction easier and cheaper than with Q}
will be built from extruded lead, most likely with scintillating fibres of large
The hadron calorimeter
basic choices remain to be made :
calorimeter components is incomplete as the design is still at an early stage and some
calorimeter with electromagnetic and hadron compartments. The information on these
the LHC physics requirements. That implies a longitudinal segmentation of the
scintillating fibre calorimeter whose electromagnetic and hadronic performances match
and too-expensive for hadrons. The RDl collaboration intends to develop a lead—
the electron resolution is not good enough, and the calorimeter is better than necessary
adequate. With a fibre diameter of l mm and the compensating ratio fiber : lead = 1:4,
elegance, the monolithic compensating em-hadron lead-fibre calorimeter is not
for most processes sets limitations on. the desirable hadron performance. Despite its
hand the contribution due to fragmentation fluctuation for Jet physics and from pile-up
clear that the best resolution and uniformity are required for electrons. On the other
calorimetry performance in a LHC environment have been studied in great detail. It is
During the past year the physics requirements and the technical limitations of the
4.1 The Longitudinally Segmented Calorimeter
4 . THE 1992 PROGRAM
that the showering effect is not a problem for a longitudinally segmented calorimeter.
fibres. An accurate determination of that effect will be made. However it is already clear
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bases are already used on the Zeus detector at HERA.
use low consumption non-resistive bases as planned at Fermilab. Such non-resistive
collaboration will also investigate solutions to stretch the PMT dynamic range and to
As it may tum out that all the new devices will not be satisfactory, the RDI
promising.
area) avalanche photodiodes which have appeared recently on the market and seem
The RDI collaboration intends also to test new large area (180 mmf sensitive
linearity, uniformity, sensitivity to magnetic field, lifetime.
recently, and we expect to receive them next month. We will test : dynamic range,
into several pixels. Due to extemal circumstances the first prototypes were only ordered ,.., (_
phosphor screen of the intensifier is replaced by a silicon detector, which may be split
is basically a Proximity Focused Diode (gap = 1.5 mm, field = l0-15 KV) in which the
overcome the problems of high sensivity to magnetic field of other devices. The device
and to test prototypes of a Proximity Focused Hybrid Diode which would largely
Concemin g new read-out devices, the RD1 collaboration has proposed to develop
a few channels at a time.
develop different light collection schemes and new read-out devices, and to test them on
use of classical photomultipliers and resistive bases. However we also intend to
For the 92 calorimeter sector, the basic solution for the light read-out will make
4.2 Light Signal Collection
further.
better uniformity smaller size em test modules may be built to push the limits
choice from the feasibility point of view. In the RD1 quest for better resolution and
The parameters of the fibre em calorimeter appear to us as the optimal technical
The design is presently being fmalized.
x 0.15 with read-out cells of about 0.02 >< 0.02. It will be projective at least in cb.
eutectic alloys as bonding material. The calorimeter will cover about An >< A¢ E 0.10
will be set. The ribbon/plate layers will be stacked and then heated at 65° with
The calorimeter will be made of extruded profiles on which multifibre ribbons
same angle (Fig. 17). We plan to use an angle of ~ 6"
calorimeter is expected to be smaller than that of the Spacal calorimeter [4] for the
Therefore at any angle the sum of the two contributions for the proposed
calorimeter.
Spacal calorimeter, that contribution should be smaller for the proposed
the fibre to fibre fluctuations. Since there are twice as many l mm fibres as in the
respect to the particle.
the channelling effect which can be decreased by setting a larger angle with
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electronic chain monitoring.
for task 2, complemented with a light injection system to monitor the read-out and
For what concems the first two solutions for task 1, they will automatically serve
calorimeter. We will try to avoid this solution.
disadvantage that it will impose restrictions on the construction procedures for a full
give information on the light attenuation characteristics of each module, but with the
annular Cobalt source of = 50 mCi activity. This method has the advantage that it will
A third possibility consists in passing each individual calorimeter cell through an
processes.
Monte Carlo studies will be used to investigate the practicality of this and other
decay, which is expected to occur at a rate of 1 Hz at a luminosity of 10cms33 ‘2·l
process at the LHC for detector calibration. A possible candidate is the 20 —> e+e‘
A second possibility for this task will be to use a precisely known physical
electronics for this purpose.
to these ot particles (< 20 photoelectrons) will necessitate the development of dedicated
the fibres in the cell, independent of the 24lAm doping fraction. The low fibre response
an absolute calibration for each cell. This calibration will represent an average over all
single event spectrum of the response to the ot particles will allow the determination of
very low fraction of Am ot-emitter with a typical decay rate of ==100 Hz per cell. The24l
For task 1 we plan to test doping of all the fibres in a calorimeter module with a
The remainder of this section deals with possible 1992 plans.
calorimeter depth as the electron shower.
difference in probing area and to the fact that the Cobalt source does not probe the same
beam (1 cm) electron data was at the t4% level. The difference being due both to the
with the WA89 online calibration data. The correspondance with respect to the narrow
size of the Spacal cells. The PM current response measured in this way was compared
were tested with a =10 mCi flat Cobalt source of hexagonal shape corresponding to the
collaboration on the 155-module Spacal prototype in April 1991. A total of 60 towers
Aiming at a possible solution for the first task a test was done by the RD1
detector.
This implies a detailed probing of the fibre response along the depth of the
Monitoring of the radiation damage to the calorimeter in an LHC experiment.
In situ monitoring of the above absolute calibration for each individual cell.
calibrated in a particle beam.
level. The method should call for only a small fraction of the cells (=l%) to be
LHC. The aim is to obtain an initial absolute calibration cell by cell at the 1%
Absolute calibration of each detector tower prior to, or at the start-up of, the
diffcrcnt tasks which must bc fultillcd:
For thc calibration and thc monitoring of thc calorimctcr wc identify thrcc
4.3 Calibration and Monitoring
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of the setup are fully operational.
irradiation will start in November. The hardware control and the data acquisition system
modifications are now done with the participation of the Ecole Polytechnique and the
a lack of coordination between LAL and LURE has caused delays. The necessary
tests were scheduled to start in July, but the inadequacy of the beam line due mostly to
modules are remotely moved transversally to the beam to scan the entrance surface. The
experimental area bursts of 108 to 1010 electrons of 1 GeV at a rate of 50 Hz. The
the LAL-LURE facility at Orsay. A derivation of the linear accelerator provides in the
modules equipped with various types of fibres presently available. This will be done at
important component of the radiation hardness program is the irradiation of short lead
As the deterioration of the fibres is influenced by the ambient medium, another
electromagnetic energy resolution.
be 2 Mrad [6]. For such a dose a constant term of 0.4% will be added to the
maximum dose corresponding to 4 years of running at a luminosity of 10cmswill __34 ‘2‘l
barrel calorimeter at a radius of 1.3 m from the interaction vertex and T] i 1.5, the
the influence of the losses on the calorimeter performance [7]. Taking as an example a
Spacal collaboration and were combined with results of a Monte Carlo study to quantify
The measurements were done by the Lisbon group in the framework of the old
transmission losses.
and 3HF+PT P (yellow). The former is more resistant to emission losses, the latter to
the dose for each fibre. It was found that the most resistive fibres were SCSFSI (blue)
transmission and to the light emission of the fibres was parametrised as a function of
fibre measurements and the shape of the dose profile, both the damage to the light
doses of 23 Mrad, with a dose rate of 1 Mrad/hour. By combining the results of the
Short fibres (40 cm) of different types were irradiated by a Co source up to60
energies below 1 GeV.
electromagnetic showers, through the 1:0 -> 27 decays [6]. These photons have typical
»- Leffects of radiation damage on the calorimeter are due to the production of
energy of electromagnetic showers is deposited in a region of limited depth, most of the
The radiation at LHC is mainly due to the pp collisions themselves. Since all the
4.4 Radiation Hardness
for tasks 1 and 2 will help to fulfil task 3.
could be implemented in a limited number of cells at different n. The methods proposed
method could be applied also for task l and 2. In a future LHC experiment this method
the modules submitted to radiation tests. As a by-product we will test how well this
single fibre in the module to be probed. We plan to implement this device in a few of
travelling through a 1 mm outside diameter hypodermic tube. This tube will replace a
set-up already developed elsewhere [5]. It consists of a 0.7 mm diameter 137Cs-source
cells. For this purpose we plan to perform tests in the near future using a mechanical
be done by probing with a radioactive source along the depth of a limited number of
The monitoring of the radiation damage to the fibres in an LHC environment will
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particularly for the new electromagnetic prototypes.
use the results as a predictive tool to help us choose between different options,
We intend to continue studying this subject in order to refine current work, and to
description of hadronic fragments at very low energies.
observed 15% difference in the resolution is very likely due to the incomplete
experimental compensation properties are reproduced within a few percent. The
reproduced such as the effect of the attenuation length on the constant term. The
Pions still deserve a more careful investigation, but several properties are well
has also been studied and the results are in excellent agreement with the experiment.
shower profile, which extends over seven orders of magnitude. The 500 ttm module
projective one. In the latter case the simulation is able to reproduce the transverse
the slight increase of the constant term in the projective module as compared to the non
of shower properties in the calorimeter, including the channelling effect in fibres and
For electrons the agreement is very good, leading to a comprehensive description
configurations.
intention of developing a general computational tool to study different geometries and
implemented in order to understand and check the experimental results, and with the
A full simulation of fibre calorimeters, using the Geant 3.14 program, was
4.6 Simulation
position information for photon/electron identification.
intend to continue collaborating with RD2 to exploit the additional track and shower
preshower detector (RD2 collaboration). The data are currently being analysed. We
the projective modules was done in combination with a prototype silicon track
separation the electron position infomation is of relevance. Part of the data taking with
have used a 1.7 X0 lead converter followed by a scintillation counter. For better e/rt
from the fibre calorimeter with a preshower detector. For most of our data taking we
Very good electron identification can be obtained by combining the information
4.5 Preshower and Electron Identification
measurements in Lisbon as already planned.
maximum information from that study, the RD1 collaboration will do low dose rate
indicates that the damage may be larger for low dose rates. While gathering the
rates much in excess of the LHC rates to get results faster. A recent low dose rate study
Most of the irradiations, especially those with particle beams, are done at dose
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1720 kSF
rating costs 170 kSF
A `
Manpower (regie 100 kSF
System designs, Tests of new construction techniques 150 kSF
Filter development, Instrumentation
Fast charge sensitive preampliiiers
Front-end electronics 50 kSF
Backing calorimeter electronics upgrade
Modification movable table
Test beam area 50 kSF
Special PM, Instrumentation
Proximity Focusing Diode, Avelanche photodiode,
Read—out devices 200 kSF
Low dose irradiation with source
LURE: modules and electronics, beam time
Radiation hardness 100 kSF
Travelling source, mechanics, electronics
Fibre doping, special electronics
Calibration and monitoring 150 kSF
Research and Development
cm, hadron, PM, bascs, clcctronics, supports 750 kSF
rimctcr Sector Prom
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dependent term 12.9% / VE.
show the dependence of the constant term after subtracting the energy
angle 9 as measured in the 20-module Spacal prototype (squares). The circles
17 The energy resolution cs/E for 80 GeV electrons as a function of the impactFig`
lines correspond to the number of fibres per dm
The measured results from Jetset, Spacal and RDl are shown. The dashed
lines) as a function of the fibre diameter and of the fibre/lead sampling ratio.
16 Illustration of the scaling of the electomagnetic energy resolution (continuousFig.
were removed from the plots.
beam impact at 2°, b) for a beam impact at l82°. The non—interacting pions
15Fig. Signal distributions for 150 GeV pions in the electromagnetic module, a) for a
beam chamber resolution of E 300 um was not unfolded.
of the electromagnetic module, giving 0-x’y = 2.2 mm / N/E+ 0.45 mm. The
14 The position resolution for electrons as a function of the energy in the centerFig
correspond to an attenuation length of about 150 cm.
40 GeV electron beam entering perpendicular to the module axis. The data
The light attenuation in the electromagnetic module as measured with aFig. 13
12Fig. Signal linearity for electrons as measured with the electromagnetic module.
Fig. 10. The GRMS of the signal distribution is 2.17%.
llFig. Signal uniformity derived from the bins in the (4 >< 4 cm2) central area of
corresponds to 140 pC, and the largest square to 172 pC.
module for 40 GeV electrons at 2°. The minimum response, a point,
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